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EIT!ECTOFFOR1330DYWARPONTHElD!llRODYNAMIC

QUALITIESOFA HWOH@TICALFLYTNGBOAT

BX7ZtNGA HULLLENGTH-BEAMRATIOOF15

ByArthurW.CarterandIrvingWeinstein

SuMMAm

Theinvestigationoftheeffeetofforebodywarp(progressive
increaseinQngleofdeadrisefromsteptolow)onthehydrodynamic
qualitiesofa hypotheticalflyingboathavinga hulllength-beamratio
of15wasmadeinKMoothwaterandinwaves.Thehullofhighlength-
beamratiowasdesi~edtomeetadvancedrequirementsforincreased
speedandincreasedrangeforflying-boatdesi~sendhasbeenshownto
havelowaermlynsmicdrag.Theresultso%tainedforthewarpedfore-
bodyarecomparedwiththoseforthebasicmodel.

Warpingtheforebodyylsmtigbottomincreasedappreciablytherange
ofstabletrimbetweentheloweranduppertrimlimitsofstability
elthoughthecenter-of-gravitylimitsofstabilitywerereduced.Landing
stabilitywasimprovedbywarpingtheforebody.Bowspraycharacter-
isticsweresulmtantiallyletterforthehullwiththewarpedforelmdy
thanforthehullwiththelasicforebody.‘Thehigh-speedwaterresist-
mce wasslightlygreaterforthehullwiththewarpedforelodyendthe
over-allteke-offperformancewasslightlyinferiortothatofthehull
withthebasicforebcdy.

Wsrpingtheforelxxlyhada negligibleeffectonthetake-off-
%ehaviorinwaves.Themaximumvertical-andthemaximumangularaccelera-
tionswerereduceddurtiglandingsinwavesbutthemaximumoscillations
intrimandrisewerenotaffectedwhencomparedwiththoseforthehull
havingthebasicforebody.

INTRODUCTION

Thehydrodynamicqualitiesofa hypotheticalflyingboatwitha low-
&raghullhavinga length-leemratioofl~havebeenpresentedin
reference10 Althoughtherangeofstablepositionofthecenterof
gravitywasonlyslightlylessthanthatofthehulloftheserieswith
a length-leemratioof6,therangeofstabletrimwasreducedappreciably.
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2 NACATNNo. MP8

Tnenefforttoticreasetherangeofstabletrtiandtodeterminethe
effectofincreasingthisrangeonthepositionsofthecenterofgravity
forstabletake-off,extremewerpingoftheforebodyplaning%ottom
(Pro=essive~rease ti-e ofdeadrisefrm steptobow)was incor-
poratedk the,hullofhighlength-bearatio.Investigationsreported
b reference2 haveindicatedt@t war@ingoftheforebody%ottomlowered
thelowerlimitwithoutcausinganappreciablechangeintheupperlimit.
Thisdecreaseinthelowerlimitincreasedtherangeofstabletrtm.
Unpublishedwind-tunnelresultshaveshownthatwarpingthefore%odyof
a hullhav~ a highlength-beamratiocauseda slightincreaseinthe
~ aerodynamicdrag,butthemidmmmdragwasstillconsiderablyless
* thatofthehfl ~~ thec~~enti~ le@-%eam ratioof6.

The%ehaviorinwavesofthehulloflength-beemratioof15has
beenreportedinreference3. Foseihleadvantagesoftheticreaseh
angleofdeadriseoftheforelmdywouldbea reducttoninheightof
sprayanda decreaseintheaccelerationsduringoperationsinroughwaier.

The~otheticalseaplanedesignisa twin-emghepropeller-driven
flyingboathavinga designgrossloadof~,000pounds,a gross-load
coefficientC~ of5.88,a *g loadingof41.1poundspersquarefoot,
anda powerloai13ngof11.5Toundsperbrakehorsepowerfortake-off.
Thehydrodynamicqualitiesofimportanceinpracticaloperation
(reference4)determinedtithetivesti~tionwerelongitudinalstability
duringtake-offendlanding,spraycharacteristics,andtake-offperform-
anceinsmoothwaterendtake-offendlantigbehaviorandsprq-charac-
teristicsinwaves.Thequalitiesweredeterminedfromtestsof
al—-sizepowereddynamicmodelinLangleytankno.1 endme compared
10 /

withthesamequalitiesoftheseaplanehavinga hulllengt.h-%eamratio
of15aspresmtedinreferences1 and3.

SYMBOLS

gross-loadcoefficient(AJwti)

acceleration,feetpersecondperseccmd

meximumbeamofhull>feet

accelerationduetograti~ (32.2),.feetpersecond
persecond.

verticalacceleration,g units

propellerthrust,pounds

horizcmtalvelociizy(carriagespeed),feetpersecmd

b,—-.—__ ...\_ .— -—. .Y. . .......-.-<.’ ‘,
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verticalvelooity(sinkingspeed),feetpersecond

a~cificweightofwater(63.4forthesetests,usti~
‘takenas64forseawater),poundspercubicfoot

angularacceleration,radime&r secondpersecond

flight-pathangle,degrees

elevatordeflection,degrees

@OSf3 load,pounds

trfm(anglebetweaforelxxlykeelatstepand
horizontal.),degrees”

lendingtrhu,degrees

DESCRIPTIONOFMODELANDAPPARATUS

Themodel,designatedLangleytankmodel224B,wasthesameas
=1..y taokmodel224(Yeferenoe1)withtheexceptionoftheforebody

. Photographsandhulllineeofthemcdelandgeneralarrangement
ofthe@otheticalf= boataregiveninfigures1,2,and3,respec-
tively.AdditionalMormatlonregardingdimensionsandcharacteristics
may%efoundinrefer0ncef31,3,and5.

The eaglesofdeadrise,exclusiveofchineflare,ascmparedwith
thoseofthebasicforebmiyaregivenh figure4. Theangleatthestep
wastheseineinbothcases.nom thestepforward,theanglewaEincreased
attherateofapproximately7.5°~r %eam.However,inordertoobtaim
straightbuttockandchineltiesovertheplenlngbottmnfromstation7 to
thestep,thetangentoftheangleofdeadrisev=iedasa strai@tme
letweenthosestations.Thekeelheights,chinehal$-%readths,end.oldne
flarewerethes- asthoseofthebasicforehody.Offsetsofthe-d
forelodyaregivenintable1.

TheinvestigaticmwasmadeinLsngleytanknoc1,mch iSdesori~ed
inreference6. Theappaxatususedforthetowingofdynamicmodelsis
describedinreference7. Thesetupofthemodelonthetowfng,carriage
andtheapparatusareshowninfigure5. Themodelwasfreetotrim
aboutthepivot,whichwaslocatedattheoenterofgravity,andwasfree
tomov”everticallyhutwasrestrainedlaterallyandinrollandyaw.The
towinggearwasconnectedtoa springbalanoewhichmeasuredthelon@-
tudinalforce.Fortheself-propelledtestsinwaves,themcdelhad
approximately2 feetoffore-and-aftfreedamwithrespecttothetowing
oarriageinordertoabsorbthelongitudinalaccelerationintiod,uoed%y
theimpaots.

–. —...——-—- .—- .- .. . ... -.— -- —------ ——–—— —.—.—. ——-.——,.
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4 NACATNNo.1828

.Anaccelerometermountedonthetowingstaffofthemodelmeasured
theverticalaccelerations.Twoaccelerometerswereusedtomeasurethe
~ acceleraticms.Theap~atus~ed intestingofmdelsinwaves
andthewavemakerusedinLangleytankno.1 aredescribedh
reference3.

PRmmuREs

Effectivethrustendaerodynamicliftandpitching—moment datafor
Langleytanknmdel224arepremnted.inreference1 andme applicable
toLangleytenkmodel224B.

Thehydrodynamicqualitiesh smoothwaterandinonccmiagwaves
weredetermhedatthedesigngrossloadcorrespondingto75,000Tounds, ,

exceptforthesprayinvestigaticminwhichthegrossloadscorresponded
t-oloadsfrom>5,000poundsto95,000pounds.Theflapsweredeflected
20°forallthehydrodynamictests.Alldataare~esentedasfull-
sikevalues.

Trimlimitsofstability.-Thetrimlimitsofstabilityweredeter-
minedatconstantspeedgbyuseofthemethodsdescribedh reference7.
~ ordertoobtainsufficientcoritrolmomenttotrimthemodeltothe
triml~ts, thelowerlfmitwasdeterminedatforwardpositionsofthe
centerof~avityandtheuppertrimlimitsweredeterminedatafter
positionsofthecenterofgravi~.

Cmter-of- vigra ty>mitsofstabili@.-Thecenter-of-gravitylimits
.ofstabili~weredeterminedbymaldngacceleratedrunstotdre-offspeed
withfixedelevators,fullthrust,anda ccmstantrateofaccelerationof
1 footpersecondpersecond.Trim,rise,andamplitudeorporpoislng
werecontinuouslyrecordedduringtheacceleratedrun.A sufficient
numberofcenter-of-gravityTositionsandelevatordeflectionswere
investigatedtocoverthenormaloperatingrangeandtodefinethecenter-
of-qavitylimitsofstability.

LandiQzstability.-Thelsndingstabili~wasinvestigatedbytrim-
ndngthemodelintheairtothedesiredlandingtrb ata speedslightly
aboveflying~ed andthendeceleratingthetowingcarriageata uniform
rateoi?2 feetpersecondpersecond;thistechniqueallowedthemodelto
glideontothewaterandshulateanactual.landing.Thecontacttrimsand
behavicmonlandingwereobservedvisuelly,andtrimendrisewerecontin-
uous-recordedthroughoutthelantigrun.Thelandhgsweremadewith
one-halffullthrustusedduringthetake-offrunsandwiththecenterof
gravitylocatedat32percentmeanaerodynamicohord.

.——. —— — .-
., ,.
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spraycharacteristics.-Thes~edeatwhichlightloosesprayand
thespeedsatwhichheavyblistersprayenteredthepropeld.ersorstruck
theflapsweredeterminedforgrossloadsfroma lightlyloadedtoa \
heavilyoverloadedcm~ition.Sprayphotographsweretakenwiththe
modelfreetotrimwithconstantelevatordeflectionof”-1OO.

Excessthrust.-Theexcessthrust(thrustavailableforacceleration)
wasdeterminedatconetantspeedsforseveralfixedsettin@ofthe ---- ‘--
elevatora.Thecenterofgravitywaslocatedat32percent,mesnaaro~
dynamicchord.

Taxy~ andtake-offbehaviorinwaves.-T@ taxyingbshaviorin
waveswasinvestigatedwithfullthrust,.tiptohmp speedata forward
rateofaccelerationof1 footp9rsecomipersecond.Thetake-off
behaviorinwaveswasinvestigated‘withfullthrustuptotake-offspeed
ata forwardrateofaccelerationofapproximately3.3feetpersecond
persecond.Completetimehistoriesofthetaxiandtake-offruns
wererecorded.

Landingbehaviorh waves.-Thelandingbehaviorinwaveswas
investigatedbyemployingthesamelandingtechniqueanddeceleration
asintheinvestigationofthesmooth-waterlandingstability.Results
oftestsinroughwaterhaveshownthat,exceptatdangerouslylowtrims,
landingtrimhadnoappreciableeffectoneitherthevariationoftrim

● duringthelandingrmoutorthemaximumaccelerations.Alllandings
wereconsequentlymadeata~oximately8°. Thebehavioronlendingwas

, obeervedvisually,anda timehistoryofthelandingbehaviorwascontin-
uouslyrecordedthroughoutthe-landingrun.Thetimehistoryincluded
recordingsoftrti,rise,fore-and-aftposition,verticalaccelerations,
angularaccelerations,waveprofiles,sadspeed.Thelandingsweremade
withpoweronandwiththethrustadjustedsothatthemcxleluponinitial
contactwitha wavewasa~roximatelya freebody.

“ RESULTSANDDISCUSSION

LongitudinalStability

Trimlimitsofstalilit~.-Thetrimlimitsofstabilityare
presentedinfigure6. Theupperlinttjincreasingtrti,forthehull
withthewarpedforebodywasalmosttheseineasthatforthehullwith!
thebasicforebody.Athighspeedsneartake-offthedifferencesinthe
upperlimit,decreasingtrim,forthetwoforebodeswerenegligible.
Thelowerlimitwiththewarpedforebodywasehiftedtolowerspeedswith
thepeakoccurringatapproximatelythesametrim.Thisshiftincreased
therangeofstabletrtibetweenthelowerlimitandtheupperlimit,
increasingtrim.

.
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6 NACATNNO. 1828

Asnotedwiththe%asicforebody,porpoisingofthemodelat
constantforwardspeedcouldyeallowedtobuilduptosucha large
amplitudethatthemodelpcn’pisedacrossboththeupperandlower
limits. Thisporpoisingwaslessviolentthanthatencounteredwith
thebasicforebodyandoccurredovera mailers~edrange(50to61mph).
Asinthecaseofthebasicforebody,duringacceleratedtake-offsthis
large-emplitudeporpoisingwasencounteredonlyatcenter-of-gravity
positionsthatweredefi.nitel.yaheadoftheforwardcenter-of-
gravit~ldmits.--------

Center-of-~avitylimitsofstability.-Representativetrimtracks
arepresentedinfigure7(a)forseveralpositionsofthecenterof
gravityandelevatordeflections.Comparabletiimtracksforthehull
withthe~aeicforebcdyarepres+tedinfigure7(b). Themaxpumampli-
tudesofporpoisingthatoccurredawingtake-offareplottedagainst
~ositionofthecenterof~avityinfigure8. Themhximumemplitudeis
deftiedastheclifferencebetweenthemaxilimmaminimumtrimsduring
thegreatestporpoisingcyclethatoccurred&wingthetake-off.

The trendsb theplotsofmaximumamplitudeofporpoisingagainst
positionofthecenterofgravityforthehullwiththewarpeilfore’body
aregenerallysimilartothosenotedwiththebasicfo%body.Withthe <’
_ fore%om,theamplitudeoflower-limitpm-poisingdidnotincrease
asrapidlywithforwardmovementofthecenterofgravityaswiththe
basicforebody.Theoscillationofupper-limitporpoisingforthehull. b

lo
withthewar-peaforebodyneverexceeded3= atthemostafterposition
ofthecenterof~atity;whereas,theoscillationof~r-limit
porpois~forthehullwiththebasicforetmdyneverexceededapproxi-
mately2$ ‘.Witheitherforebody,theupper-Mmitporpoisingwasnot
violent.Absenceofviolent-r-limit porpoisingwiththesetwohulls
isattributedtotherelativelylongafterbodywhichapparentlywas
effectiveindampingtheoscillatimsintrim.

Fora givenelevatordeflection,thepracticalcenter-of-gravity
limitisusuellydefinedasthatpositionofthecenterofgravityat
whichtheamplitudeofporpoisingbecomes2°. A plotofelevatordeflec-
tim againstcenter-of-gravitypositionatwhichthemaximumamplitudeof
porpoisingwas2°ispresenteainfigureg(a).Withthe~d forebody,
theforwaralimitwasmovedaftandtheafterlimitwasmovesforward.
Therange.ofstablecenter-of-gravitypsitim withthe-d foreb~,
therefore,waslessthemtherangeofstablecanter-of-~avityZositicm
withthebasicforebdy.Stabletake-offscouldbemade,however,at
positi-ofthecenterofgravi@fim 24to36percentmeanaero-
-C chord.Witha ftiedaeflectfonoftheelevatorsof-10°,the
hullwiththewaxpedforelodyhada stablerangeofpositionofthe
-centerofgravityfortake-offofapprodmately5 percentHI13anaero-
MC chord.

.,. -——— ~— -- .-. .—.. —— ~-.—- ,-. ,,,,.
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bammwh astheupper-limitporpoisingwasnotViolaitauddid
notdivergetolargeamplitudes,a practimldefinitionoftheafter
limitwithettherforebodyleoomesdifficult.Forinstance,if3°
m@litudeofporpoisingwere selectedasthemaximumallowableemplitude,
asshowninfigure9(b),thebasicforet~ wouldhavenoafterlimit
ofpositionofthecenterof~avityandtheafterlimitwiththewaqwi
forebodywouldkemovedfaraft.J%asmuchastheupper-limit.porpofstig

withthewarpedfore%odyneverexceeded3$0:dothisporpoisingwithWe

IMic foreho~neverexceededawoximate~25 , anafterlimitofPositim
ofthecenterof~aviw mi@rtbeconsiderednonexistent.

~oreasingtheallowableamplitudeofporpoistigto3°movedthe
forwardlimitforwardabout1 percentmeanaerodynamicohord.If
&eeired,theforwardlimitscouldlemadetoootioidebya forwardmove-
mentofthestepofthehullwiththewarpedforelxmly.

Lmd@? S%liliq.-Severaltypicaltimehistoriesoflandingswith
thetwoforebodesarepresentedinfigure10. The -madmzmgndminfmm
valuesdfthetkhnandriseofthefl@ng%oatatthegreateticycleof
oscillationdwingthelzmdlngrunwereobtainedfromthesedataandare
plottedagainsttrimatcontactinfigure11.

Thehullwiththewarpedforebodydidnotskipancontactatany
landingtriminvestigated(3°to14°);thereforethedepthofstep(16.5
percentbesm)povidedsufficientventilation.Thehullwiththewar@
forebodydidnotporpiseon,lendlngatmy triminvestigated.Atcontact
trimsupto10°thesmplitudeofoscillationintrim=a risewasapproxi-
matelythesameaswiththebasicforebody.Atcontacttrimsabove10°,
theamplitudeofoscillaticmintrimandriseobtainedwiththewarped
forebodywaemuchlessthanthatobtainedwiththebasicforelmdy.l&s-
muchasthewarpedforebodydidnotporpoiseon,landing,theamplitudeof
oscillationintrimwasapwoximatelyconstantatlandingtrimsabove10°.

Sprtwtnlropellersandonflapa.-Therangeofwed overwhich
sprayenteredthe~opellersandstrucktheflapsisplottedagainst
grossloadh figure12. Atthedesigrigrossload[W,000lb),no spray
enteredthepropellersorstrucktheflapsofthehullwiththewarped
fOrebody● The~ossloadwasincreasedapproximately5 percent
(95,000lb)beforetheheavyblisterspraypntertigthepropellersor
atrildhgtheflapswasequivalenttothesprayofthehullwiththebasic
forekodyatthedesi~grossload(75,000lb).

sprayphotogcaphs.-Photographsoflowsprayofthetwoforebotie~
atthedesigngrossloadarepresentedasfigure13. Sternphotographs

.. —_—.—. — ———._ —---- ....— ,— - — .——. -= -—-. ——. . . ,-, -
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arepresentedasf@ure14. Thesephotographscoverthespeedrangesof
figwe12whereheavyspray~teredthepropellersandstrucktheflaps
ofthemodeltiththe%asicforeho@.Theeffectimnessofthewarped
forelodyinreducingthe%_pwsprayandtheclifferenceh theheavyspray
betweenthewarpedandthebasicforebtiesareshownInthesephotographs.

Photographsofspraystrildngthetailsurfacesduringa landing
run(one-halftab-offthrust)arepresented.asfigure15. Thespray
franbothforebodesstmucl?thehorizontaltailsuri%cesathigh~eds.
Thisspraymightnecessitateraishgthehorizmtaltail.Thespray
~ t~ t~l ~=es ~d notdiffer~eatlyforthehullstiththe
lasicand~a forelmdies.

Sprayinroughwater.-The“rangeofspeedoverwhich- entered
tiepropellersh anoomingwaves,2 feetM@ end110feetlcmg,is
plottedagatnstgrossloadinfigure16. Atthedesigngrossload,
_ enteredthewmllers overthespeedrangefimu19to29miles
per hour,whereasnosprayenteredthepopellersinsmoothwater.Tn
thisparticularwave,aswellasin smoothwater,thehowway charac-
teristicsweremihtantlallybetterforthehullwiththewarpedfore-
bodythanwiththebasic

Excessthrust.-The

f &ebody.

Take-OffPerf_ce

excessthrustandtrtmduringtake-offwithfull
thrustexeshownh figure17. Thecurvesrepresenttheexcessthrust
andtrimforminimumtotalresistanceexceptInthespeedrangewhere
POI’Pois@3wasencountered.Overthisspeedrange the trim was tncreased
toremainabovethelowertrimlimitofstability.

Camparlsonoftheexcessthrustofthewarpedandbasicforebodiea
indicatesthatthewaterresistancewasapproximatelythesameupto
thehmp speedbutwasslf@tlygreaterathighspeedswiththewarped
forebody. Atlowspeedsthe~d fore%odytrirmnedlowerthendidthe
hf3i0forebody. Themazinnmtrim,however,wasapproximatelythes-
andoocurredatapproximatelythesame~ed witheachforebody.

Longitudinalacceleration.-Thelcmgitudinalaccelerationa during
take-offis@ottedagainstspeedinfIgure18. Theacceleratimwas
derivedfromtheexcess-thrustourvesoffigure17byuseofthe
relationship

T

Take-off timeanddistance.-Thetake-offtimewasdeteminedfrcnn
theareaunderthecurveof l~a plottedagainstspeed;thetake-off
distencewasdeterminedfromthe&a undertheourveof V/a plotted
agahstspeed.Thet-ah-offtimeanddistanceforthehull

—.,- .- —-— —.-—— . . .—,—. ——---.-. . —.-..
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with-t&warpdforebcdywere24second.aand17&)feet,respectively.
Thetake-offtimeenddistanoeforthehullwiththebasicforebcdy
were’21secondsand1530feet,respectively.Theover-alltake-off
performanoe ofthehullwiththe-d forebodywasthereforeslightly
infericmtothat ofthehullwiththebasicforebody.

Take-OffBehaviortiWaves
.

Theresultsoftheinvestigatingofthetake-offbehaviorinwaves
ofthemdel tiththewarpedforebodyarequalitative,butseveralpoints
areofinterest.Althoughthetrimoycleswerelargeh 4-footwaves,
thebowdidnotdigin. Observationsindicated,however,thata decrease
iuforelmdylengthwouldnotleadvisable.

Tracingsoft~icalrecordsmadeduringtake-offe inwavesareshown
k figure19. Themcxielt=dedtofollowthewavesinthetrimandrise
motiansatthe,lowerspeeds.lk2-footwaves,theoscillationsh rise
wereverysmall.Theoscillatimsintrimwerenotgreatand.tbetrim
didnotexceedthestallangleduringthetake-offrun. h 4-footwaves,
theoscillationsintrimendrisewerelargebutdidnotappearto
bedangerous.

A comparisonoftherecordsofthetake-offsshowsthelargeinorease
inamplitudeoftheqotionsintrtiandrisewhenwaveheightwas
increasedfrcnu2 feetto4 feet.

Tracingsof~ical recwdsmadeduringtake-offsin4-footwavesof
thehullwiththewarpedforebcdyandwiththebasicfmebodyare
presentedinfigures20(a)and20(b),respectively.Comparisonof“the
recordsindicatesthatwarpingtheforebcilyofthehullhavinga high
length-beamratiohada negli~bleeffect
wavef3.Thehullwiththewarpedforeldy
thatwith@ basicfore%odyalthoughthe
ticmwasappro~telytheseinewitiboth

onthetake-offbehaviorin
trimedslightlylowerthen
emplitudeofthetrimosoilla-
forebodies.

LandingBehavicminWaves “

TheresultsoftheI_a@inginvestigaticminwavesareWesentedin
tableIIfm-useinf@her snalysfs. W s= fwee~ fortie~tial
landingapproachrangedfim 1~ to280feetperminute(O.93to1.47fps,
modelsize)~ weresmallcomparedtothesinldnga-peedsatthemaximm
verticalaoceleratians.Thednld.ngspedsassociatedwithwe maximum
yerticalaccelerationsr-d from530to930feetIWr~~e (2●81
tO4.92ns, gmde~size).Thesinkingspeedsassociatedtiththem=imum
verticalaccelerationsforthehullwiththebasicforebodyranged
from1% to1070feetperminute.Withthereduotinninthemaximum

h~ %th thewarpedforebody. .
sinking
forthe

—.. . ..-. . . .. ._ —.—. .—. - .—— ———-—.-—- . .. ..— ——— .— - .—-. —---
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10 NACATNNO. 1828

Vertioalacoeleraticm.- The
tionwithwavelengthisshownin
~ vertioalaccelerationsat

variationofmaxlmmvefiicalaccelera-
figure21. A peakwasreachedInthe
theshorterwavelangths.Themexlmum

acceleratimofapproximately-6gatthepeakwasreduo&iabout45pemxnt
atthelongerwavelengths.

Thepositiauoflailingaua wavefortheinitialimpactaswellas
subsequentimpactsduringthelandingrunoutwasnotunderthecautrol
oftheo~rator,andthislackofcontrolaccountsforthescatterof
thetestdata.Theenvelopesofthedatakdicatethemaximumprobable
accelerationsthatwouldbeobtainedfortherangeofwavelengths
tivestigated.

Thepeakmxlmllmvertical~celerationofapgro-tely6gforthe
hull@vingthewarpedforebcdywasabout35percentlessthanthepeak
mexlmumverticalaccelerationforthehullhsxlngthe%asicforebody.
Thepeakaccelerationsoocurredatapproximatelythesme wavelength
forthehullswiththewarpedd basicforebodes.Atthelongwave
kingths,themaximumaccelerationswiththetwoforebodeswereapprox-
imatelythesme.

Angularaccelerations.-Maximum@ar accelerationsareplotted
againstwavelengthinfigure22. A peakwasreachedinthemaxtmum
positiyeaccelerations(bowrotatedupward)attheshorterwayelengths.
me maximumaccelerationofapproximately6 radianspersecondper
secondatthepeakwasreducedabout60percantatthelmgestwave
lengthinvestigated.

Thenegativeangularacoeleraticnsoccurredwhena bow-downrota-
tionwasinducedduringland3ngcmthesternpost.Thev=iatianof
negativeengularaccelerationwithwave.lengthwasnotmeat.

!rhepeakmaximmn-= accelerationofapproximately6 raditis
persecondpersecandforthehullwiththewarpedforebodywas
about50percentlessthanthepeakmaximumengul=accelerationforthe
hullwiththebasicforebody.!l?henegative~ accelerationswere
ticreasedbywarpingtheforebdy.

Motimsin trimend rise .- Themaximum endminlmm trimand rise
atthegreatestcycleofoscillationthatoccurredduringthe~
run-e plottedagainstwavelengthinfigure23. Thev-atianof
trimendrisewithwavelengthwassmall.

Themaximumoscillationsintrimandrisewerenotaffeotedapp3ci-
abl-yby~tig theforebobandthemaxim=ohamgeintrimwagapprox-
imatelythesameforthehullswiththewarpedandbasicforebcdiee.
The~ trimwasapproximately1°lesswiththewarpedforelmdythan
~th thebasicforebdy.Themarlmmmrisewasthesanewiththetwo
forebcdiesatshorterwavelengthsbutwasincreasedatthelongerwaye
lengthsforthehullwiththewarpedforebdy.Theminimumriseofthe
twoforebodieawastheseine.

—...—— —— — ..=~. —
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Slmmarychart
The hydrodynamic qualitiesinsmoothwaterofthehypothetical

Klyhgboatwitha hullofhighlenglih-beamratiohavingawarpl fore-
body,asdeterminedbythepowereddynamicmodelteata,aremmmerized
infigure24. Thischartgives’~ over-enpictureofthehydrodynmaic
characteriatiosintermsoffull-scaleoperatimalparametersandis
thereforeusefulforocnnpariaonswithsimilardataregamlhgother
seaplanesforwhichoperatingexperienceif3“available.

CONCLUSIONS

TM resultsoftheinvestigationoftheeffectofextremewarptng
(progressiveincreaseh angleofdeadi%e fromsteptobuw)ofthe
forebodyplaninghottamcmthehydrodynamicqualitiesofa ~othetioal
f’l@ngboatwitha hullhavinga length-learatioof15,ata grossload
of~ ,000px.znds(gross-loadcoefficfentof5.W), ledtothefollowing
conclusions:

1. Thelowertrim Imt WLIfj~tjed to lower sp3ds andtherange
ofstabletrimbetweentheloweranduppertrimlimitsofstability
thereforewasincreasedappreciablywhm comparedwiththatforthehull
withthebasicforebody.

2.Withamsxdmmmallow+eemplitudeofporpoisingof2°,the
rangeofstablepositimofthecenterofgravityfortake-offwithfixed
elevatorswasreducedforthehullwiththe-d forebody-whenoampared
withthatforthehullwiththebasicforebody.Witha 3°allowa%le
amplitudeofporpoising,however,theh- tititie~? f=eboW ~
a widepracticablerangeforWtisfactorytake-offwithfixedelevalxms.

3.Landingstabilitywasiuqn’ovedbywarpingtheforebody;land@gs
weremade:atcontact.trlmsupto14°withoutencounteringPIKIPPWor
porpoising.

4.Bowspr~characteristicsweresu%staqtiallybe~erforthehull
withthewarpedfore’bodythanforthehullwiththebasicforebody;in
smoothwatera 25-percenthcreaseinwof3B 10SJIwas possiblebefore
sprayintiepropeuersM ontheflapswasequivalenttothatofthe
basicforebody.Sprayw&ikingthetailwasapproximatelythesamewith
bothforebodiea.

~.Thehigh-speedwaterresistancewasslight~greaterforthehull
withthewarpedforebodythanforthehullwiththebasicfbrebodyemdthe
over-alltake-offperformanceofthehullwiththewarpedforebodywas
slfghtlyinferiortothatofthehullwiththebasiofmebo~.

6.Warping theforgbodyhada negligibleeffect‘mthstake-off
behaviorh waves. i

. ..-. — .— —- .— ...- —.,—— —.. — .—— —c— . ..-
- -.
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7.Duringlandingsin
appr~tely 6gwasabout
thebasicforebody.

8.DWhg landtigsin

NACATNNO.1828

waves,themaximumverticalaccelerationof
35prcentlessthenthatforthehullhaving

waves,themaximumangularaccelerationof
approximately6 radianspersecondpersecondwasabout50perceptless
thenthatforthehullhavingthelasicforelody.

9.Themexhumoscillatimsintrim&d risedurtiglendtigsin
waveswerenotaffecteda~eciably3Ywarpingtheforelmdy.

L&gleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LsngleyMr ForceBase,Vs.,December16,1948
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SumaryChert
The h@W@amiu qualities in smoothwaterofthehypothetical

flylngboatwitha hullofhighlength-heemratiohavinga warpedfore-
body,asdeterminedhythepowereddyntiqmodeltests,areeuu.unerized
infigure24. Thischartgives&nover-allpiotureofthehydrodynamic
oharaoteristioeh termsoffull-scaleoperaticmalparmetersandis
thereforeusefulforoampariaonewithehilardataregardingother
seaplanesforwhichoperatingexperienceis“available.

CONC!LUSIOHS

TM resultOoftheinvestigationoftheeffectofextremewarping
(WogreasiveinoreaseinangleofdeadM.sefromsteptohow)ofthe
forehodyplaning‘bottomcmthehydrodynamicqualitiesofa ~othetical
flyingboatwitha hullhavinga length-learatioof15,ata grossload
ofn,000pounds(gross-loadcoefficientof5.W), ledtothefollowing
Conolulions:

1. The lower trh limit WZ36shiftedtoiowerf3w0dsandther-
ofstabletrimbetweentheloweranduppertrimlimitsofstability
thereforewashoreasedappreciablywhencanparedwiththatforthehull
withthebasicforebody.

2.Withamexlnmmellowa~leemplitudeofporpoisingof2°,the
raugeofstablepositi~ofthecenterofgravityfor--off withfixed
elevatorswasreduoedforthehullwiththewarpedforebody-whenccnnpared
withthatforthehullwiththebasioforebody.Witha 3°allowable
amplitudeofporpoising,however,thehm wititiew’=I@forebo&~
a widepracticablerangefore~tisfactorytake-offwithfixedelevatcms.

3.Landingstabilitywas~oved bywarpingtheforelmly;land@gs
weremade”atcontacttrimsupto14°tithoutenoountertigPkippingor
pm-poising●

4.Bowsprticharacteristicsweresubstantiallybe~erforthehull
withthewar@dforebodythanforthehullwiththebaslqforebody;b
smoothwatera 25-percentincreasein~ossloadwaspossiblebefore
_ b theprope~ersaudontheflapswasequivalenttothatofthe
basicforebody.Slwaystrikingthetail.wasapproximatelytheseinewith
%othforebodies.

~.Thehigh-speedwater.resistanoewasslight&~eaterforthehull
withthewarpedforebodythanforthehuU tiththebasicforebodysadthe
over-alltake-offperformsnoe ofthehullwiththewarpedforebodywas
slightlyinfertortothatofthehull.withthebasicforebody.

6.Warping theforqbcdyhada ne@igiblseffectcmthetake-off
behaviorinwaves.

. .- —.--z ...—.-— _ —= —. —.—._ _ -- .-— —- —.- —-——-—
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7.Duringlsndtigsinwaves,the
approximately6gwasabout35prcent
thebasicforelody.

8.king landingsinwaves,the

maxtmumverticalaccelerationof
lessthanthatforthehullhaving

\

msximumangularaccelerationof
approximately’6radianspersecondpersecondwasa%out50psrcentless
thenthatforthehullhavingthebasicfore%ody.

9.Themextiumoscillationsh trimandriseduringlandingsin
waveswerenotaffectedappreciablybywarpingtheforebdy.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAermautics

LangleyM ForceBase,Va.,December16,1948
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[AlltiUeS are modelsize]
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Figure 3.- General arrangement of hypothetical flying boat.
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(a)Setupofmodelontowingapparatw.

Riseslidewire

Fore-red-@slideviz?e

(b)Detailsoffore-d-aftgear.

~~e 5.-Modelandtowl~apparatw.
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Warpedforebody
Basicforebody—-—
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FigureG .-Trimlimitsofstability.
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Figure7.-Variationoftrimwithspeed.
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(b)Y auplitudeofporpoising,
Figure9.- Varlationofcanter-of-gravitylimitsofstabilitywith

elevatordeflection.
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Figure 10.- Variationof trim,rise,andspeedwitht5meduringUmiingS.
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<

T = 4.2° V = 23.7mph T = 6.oo

30.2

(a)War~dforebody. . (b)Basicforeboay.
.

FigurO13.-SprayiRpro@lersduringtake-off.
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.

T = 8.7° T = 38.8 mph T = 8.7°

1-

T = 9.5° ~ = 41.0 mph T = 9.40

T = 9.7° v * 43.1 mph T = 9.9°

T = 9.5° v = 45.3 mph T = 10.50. v
(a) Warpedforebo@. (b)Basicforebo~.

, Figure14.–Sprayonflapsduringtake-off.

-.-————- .._ _. ., —._



A..

.

,

.

.

.

.

—..... . . . . . :,,.. ”



MACATNNO. 1828 35

.

.

64.7 mph T = 10.50

T = 10.90 T= 53.9

.

T = 12.0° T =47.4

T = 12.40 v = 43.1

.

@ T = 11. go

wr)h 1-= 12.5°

rph T = 12040

.
T = ~.3° v= 38.8 ~h T = u.8° w

(a) Warpedforebody. (b)Basicforehody.
Figure15.–Sprayontailsurfacesduringlanding.
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I

T = 7.8° v.

T = 7.2° T=

T = 6.70 T=

(a)Warp3dforehodyo .
Figure1:
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37

32.3 mph T = 8.7o .

30.2 mph T = 8.*O

23

7.-

.—

0 mph T = 7.7°

.9 mph T = 7.6o T

(b)Basicforeboa.y.
.Concluded.
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103 , Warpedforebody—
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Figure a.” Vari8tionof maximm verticalaccelerationwithwave length.
Wave height,U feet.
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